Introduction
Hungarians have a higher risk of premature death due to cardiovascular disease (CVD) compared with residents of western European countries [1, 2] and the lowest life expectancy at birth (72.4 years) among area nations in the Organization for Economic Cooperation and Development (OECD) [3] . The importance of lipid-lowering therapy is well established [4, 5] . Regarding the Hungarian lipid goal achievement rates in recent years there are significant improvements, but the result is still far from expec-tations [6] [7] [8] . In a 2007 summary of 14 key clinical trials of lipid lowering conducted since 2004 and involving 90 056 individuals [9] . Ray et al. determined that statin therapy was safe and significantly reduced the cardiovascular endpoints. Furthermore, a recent meta-analysis of data from 170 000 participants in 26 randomized trials of statin therapy demonstrated that more intensive lowering of lowdensity lipoprotein cholesterol (LDL-C) safely produced significant further reductions (15%; 95% confidence interval (CI) 11-18; p < 0.0001) in major vascular events, with no evidence of a threshold within the cholesterol range studies below which further reductions did not result in incremental reductions in CVD risk [10] . Even among those attaining 1.8 mmol/l or lower with a standard statin regimen, further reduction yielded benefit (relative risk (RR) 0.63, 99% CI 0.41-0.95; p = 0.004).
International clinical trials have shown that the optimal cardiovascular advantages of statin therapy are achieved only with the patient's long-term persistence (i.e., continuing the treatment for the prescribed duration) and adherence (i.e., extent of conformity with the prescribed timing, dosage, and frequency of a regimen) [11, 12] . The earliest point in some trials at which patients who persisted with active therapy began to experience cardiovascular advantages of statin compared with placebo therapy (the point of visual divergence -PVD) [13] was at 6 [14] or 12 months of therapy [15] . In a study that assessed patient adherence just after hospitalization, Ho et al. found that patients who discontinued statin therapy 1 month after initiation following an acute myocardial infarction had significantly lower 1-year survival compared with those who continued with statin therapy [16] .
Lack of persistence with medications in general, and with statin therapy in particular, remains a widespread problem worldwide [17] [18] [19] . Several decades of research indicate that up to 20% of all patients do not fill a new prescription, regardless of diagnosis, and approximately one half of those who do fill a new prescription discontinue therapy in the first 6 months [20] . Up to 69% of all medication-related hospital admissions are due to suboptimal medication adherence [19] . Lack of persistence with statin therapy in particular has been associated with increased cardiovascular events (odds ratio (OR) 1.40, 95% CI 1.35-1.45 in primary prevention; OR 1.59, 95% CI 1.51-1.68 in secondary prevention) and increased all-cause mortality (hazard ratio (HR) 1.25, 95% CI 1.09-1.42; p = 0.001) [17, 18, [21] [22] [23] . In addition, statin therapy of insufficient persistence is associated with higher hospitalization rates and total direct healthcare costs compared with good adherence to therapy over the first 2 years of use [24] .
Potential barriers to filling and adhering to prescription treatments include the presence of psychological disorders (e.g. depression) or cognitive impairment; adverse effects, costs (and copayment status), and complexity of medication regimens; patients' lack of insight into their illnesses and/or belief in the benefits of their treatments; and poor provider-patient relationships, such as inadequate follow-up or treatment planning and/or missed appointments; and logistical issues such as transportation problems/inconvenience/long pharmacy wait times, and/or having a sufficient supply of medications at home [19, 25] .
Currently, only a few studies address persistence with statin therapy, the degree to which this therapy contributes to reduction of cardiovascular events, or effects of the National Health Insurance Fund payments for statin therapy on improving the health of the general population in Hungary [26] .
We undertook the current study to determine persistence with statin therapy of Hungarian patients with hypercholesterolemia, and to compare this with persistence of therapy in other countries. The study examined general persistence, as well as persistence with initial therapy and persistence with therapies containing ezetimibe in certain groups. The study also evaluated the influence of statin, age, and geographic location on persistence.
Material and methods
This was a retrospective study of data maintained in the drug-dispensing database of the Hungarian National Health Insurance Fund, which contains prescription data for all patients receiving health insurance subsidies. The study included data for all patients of any age and either sex who started lipidlowering therapy with a statin, ezetimibe, or a combination of a statin and ezetimibe between January 1, 2007, and March 31, 2009 . To help ensure that only patients who began therapy during this period were included, data for any patient who received such therapy in 2006 were excluded. Data were also excluded for patients who received a combination of a statin and any lipid-lowering drug other than ezetimibe on the initial day of therapy, and for patients who died during the period of the study. The follow-up period was between 4 and 31 months depending on the beginning of the therapy.
Data analyses were conducted according to the year during which therapy was started, the active ingredient and strength of the product(s) initially dispensed, and patient age and residence. Diagnostic data were limited to the International Classification of Diseases (ICD) code written on prescriptions, limiting the ability to determine whether therapy was aimed at primary or secondary prevention. On the basis of national therapeutic guidelines, however, it could be assumed that atorvastatin 80 mg and ezetimibe were prescribed only for secondary prevention.
Persistence with statin therapy in Hungary
In determining persistence, the first dispensing of a prescription was considered the start of study therapy. We considered therapy to have been discontinued if a patient did not obtain a replenishment of drug for at least 60 days (the "grace period"), according to the recommendation of the International Society of Pharmacoeconomics and Outcomes Research (ISPOR) [19] . An additional analysis was conducted for all patients treated with a statin using a grace period of 180 days. Data were examined and results reported in 1-month units; a month is the shortest time span for which the National Health Insurance Fund provides data. We attempted to determine the end of the therapy as accurately as possible by estimating the patient's actual use of an agent, assuming that, from the first prescription, a patient would have taken one tablet daily. Starting with the second prescription, we calculated how many days of therapy would have been possible with the number of tablets purchased to that date.
Study analyses were performed only for those patients whose consumption of tablets was calculated to be 0.75 to 1.25 times the number prescribed (calculated from the number of tablets dispensed and the time periods over which the tablets were dispensed). By doing so, small fluctuations could be excluded, which might be caused by interruption of therapy or patient stockpiling of drugs. In calculating general or total statin persistence, all statin products were considered together, disregarding switches to a different drug or a different dosage of the same drug.
For treatment groups other than the total statin group, we considered that initial therapy was terminated when a patient had a 60-day period during which the initial therapy was no longer taken exactly as prescribed, even if the patient then took a drug that was similar to the initial drug (e.g., atorvastatin or simvastatin-ezetimibe fixed combination instead of simvastatin), used the initial drug subsequently, or took a product with the same active ingredient as the initial drug but with a different dosage. For these specific groups, we therefore determined duration of persistence with the initially prescribed drug regimen, even though the prescription might have changed. The total statin group consisted of all patients who continued with any statin at any dose, while groups of users of individual statins consisted of only those who remained on the initially prescribed statin and dosage.
The National Health Insurance Fund database enabled us to study ezetimibe therapy, whether it consisted of ezetimibe monotherapy, ezetimibestatin fixed combination therapy, or therapy with ezetimibe plus a statin as separate products. We calculated the length of therapy from the first purchase of ezetimibe to the completion of the ezetimibe therapy, regardless of when the ezetimibe therapy was started. The start of ezetimibe therapy was not necessarily simultaneous with the start of statin therapy.
S St ta at ti is st ti ic ca al l a an na al ly ys si is s
Survival analysis methods were used to assess persistence; censored data necessary for analyses were available. Survival curves were constructed according to Kaplan-Meier analysis (unadjusted); the ratio of patients still receiving therapy from month to month was calculated. Observations were censored when a person died or became institutionalized, or when the end of the study period was reached. We determined the medians of persistence and their 95% CIs. The medians of persistence in different groups were compared with the Peto-Wilcoxon test. (Table I) . Therapy was initiated with atorvastatin in 277 378 patients, simvastatin in 120 921, and rosuvastatin in 19 687. Therapy was initiated with ezetimibe in 8893 patients: ezetimibe monotherapy in 2112, ezetimibe plus a statin in 2044, and a fixedcombination ezetimibe-statin product in 5145. Age groupings of patients ranged from < 20 (n = 2568) to ≥ 70 years (n = 101 301).
In the total group of patients who received statin therapy, 54% discontinued during the first month, based on a grace period of 60 days. During the second month, 40.3% of patients were still receiving statin-based lipid-lowering treatment (Figure 1 ). This percentage decreased to 27% at 6 months and to 20.1% at the end of the first year (Table I) . Because of the high degree of erosion (54%) during the first month, an analysis was conducted based on a grace period of 180 days and yielded 27% persistence after 12 months. From the total 459 034 patients in 5590 cases there were enough data about a former myocardial infarction or percutaneous coronary intervention in the database. In these cases the persistence at 1 month was 76%, at 6 months 61%, and at 12 months 50%. These are favorable data, but not absolute. The real secondary prevention population might be higher.
During the first year of therapy, persistence for all statin therapy started in 2008 was slightly greater than for therapy started in 2007. During no month was the difference between years as much as 4%. Therefore, although the difference between the median persistence of therapies started in 2007 and 2008 was statistically significant (p < 0.001), it was not deemed clinically relevant.
The median persistence for atorvastatin and simvastatin was 1 month, and for rosuvastatin it was 2 months (Table I) ; differences were statistically significant (p < 0.001). Persistence curves were also determined separately for the individual statins. The greatest difference between persistence curves was only 6% (observed in the first month), indicating that the differences were not of clinical significance.
Curves of persistence with different doses of simvastatin are shown in Figure 2 . Persistence was greatest with the 20-mg dose, lower with the 40-mg dose, and lowest with the 10-mg dose. The difference be tween the groups was statistically significant (p < 0.001) but not clinically significant, with the greatest difference being only 6.3%, seen in the third month.
Curves of persistence with different doses of atorvastatin are shown in Figure 3 . After the first month, persistence decreased progressively in the following dose order: 20 mg, 10 mg, 40 mg, and G Gr ro ou up p N Nu um mb be er r o of f P Pe er rs si is st te en nc ce e m me ed di ia an n i in n m mo on nt th hs s P Pe er rc ce en nt ta ag ge e o of f p pa at ti ie en nt ts s p pa at ti ie en nt ts s ( (9 95 5% % c co on nf fi id de en nc ce e i in nt te er rv va al l) ) p pe er rs si is st ti in ng g i in n t th he er ra ap py y a at t 6 6 a an nd d 1 12 2 m mo on nt th hs s A Al ll l ( (o or r t to ot ta al l) ) s st ta at ti in ns s* * T Ta ab bl le e I I. . Groupings of patients by therapy, age, and geographic location, with numbers, median months of persistence, and persistence percentages at 6 and 12 months finally 80 mg, which had a persistence considerably lower than that of the lower doses. The persistence of initial therapies increased as the age of patients increased (Table I, Figure 4) . At 6 months, persistence was 1% for the < 20-year age group and 30.8% for the ≥ 70-year age group, an approximate 30% difference between the youngest and oldest age groups. The median persistence for all age groups was 1 month; the differences were statistically significant (p < 0.001).
Persistence data for different ezetimibe regimens are shown in Table I and Figure 5 . The median persistence with ezetimibe monotherapy was 1 month and that for ezetimibe added to statin or for fixed ezetimibe-statin combination therapy was 3 months. There was no statistically significant difference between the add-on and fixed combination regimens (p = 0.94). Persistence with all ezetimibe therapies (median 2 months) was greater than for simvastatin and atorvastatin therapies (Table I and Figure 6 ).
Discussion
This is the first study, to our knowledge, of detailed persistence patterns with statin therapy Zoltan Kiss, Laszlo Nagy, Istvan Reiber, György Paragh, Mark Peter Molnar, György Rokszin, Zsolt Abonyi-Toth, Laszlo Mark among Hungarian patients. We determined that, when persistence was based on a 60-day grace period, the percentage of patients who persisted with therapy was only 46% after 1 month, 40.3% after 2 months, 27% after 6 months, and 20.1% after 12 months. Almost 80% of patients had discontinued therapy during the first year. When persistence was based on a more lenient grace period of 180 days, persistence after 12 months was increased only from 20.1% to 27%. These results indicate that, because of early discontinuation, a considerable proportion of Hungarian patients do not experience advantages of statin therapy. Several studies have shown that the duration of statin therapy can be a major factor in determining therapeutic benefit; therapy that is not sufficiently persistent may provide no significant cardioprotection [14, 15] . Contrary to our expectation, persistence with statin therapy in Hungary was not as great as in developed countries. Compared with the 1-month median persistence we found, Kamal-Bahl et al., using less strict criteria than the current study for determining discontinuation, found a median persistence of 27.5 months in the United States (US) [27] . In another US study, Foody et al. used discontinuation criteria similar to this study, and found 12-month persistence for atorvastatin in primary prevention to be about 40%, nearly twice as high as our finding of 20.9%; for simvastatin, they found 12-month persistence to be about 30%, compared to 20.5% for our patients [28] . Larsen et al., using a 30-day grace period, found that only 11.2% of Danish patients dropped out of therapy after 1 month [29] , compared with 54% of Hungarian patients. The Mantel-Teeuwisse et al. study in the Netherlands showed significantly better 1-year persistence than in our study: 61.5% vs. 20.1% [30] . Persistence rates higher than those in our study were also observed by Perreault et al. [34] .
However, our study is not the only one to have found a disappointingly rapid drop in drug usage after initiation of therapy for primary or secondary prevention of chronic conditions. In several large, retrospective cohort studies of statin use in the US and Canada, the greatest decline in persistence occurred during the first 3-6 months of treatment, with 25% to almost 50% of patients discontinuing statins within 6 months of starting therapy [35] . In a North American cohort study of elderly patients (65 years or older), almost 15% of the cohort discontinued lipid-lowering therapy after their initial prescription fill, and more than one-third of patients discontinued treatment within 1 year [36] . The study by Chodick et al. in Israel found that nearly onethird of the primary-prevention cohort and onequarter of the secondary-prevention cohort discontinued statin treatment after only one prescription fill [34] . These observations are consistent with the health belief model, according to which the likelihood of adherence to a medication regimen is determined by the perceived threat of disease (susceptibility and severity) and perceived benefits of therapy [37] . Given that hyperlipidemia is an asymptomatic disease until a cardiovascular event occurs, the perceived threat of disease and benefits of lipid-lowering therapy may not be tangible to many patients, compromising adherence and persistence.
Our study included fairly adherent patients, by restricting data analyses to patients who were taking 0.75-1.25 times the number of tablets prescribed for them. We could not determine whether patients who took twice as long as they should have to obtain a renewal prescription were cutting their tablets in half and were regularly taking half their prescribed dose daily or were taking a full tablet every other day. Results were affected to a non-significant extent (by 8% to 17%) by eliminating from the analysis the data from those patients who refilled prescriptions regularly but less frequently (< 0.75) or more frequently (> 1.25) than called for by their prescription.
Medication adherence and persistence are interrelated, and both impact clinical outcomes of treatment [12] . Wisniowska and Skowron in Poland found persistence with statin therapy to be 160 days for highly adherent (≥ 80%) patients and 90 days for poorly adherent (< 80%) patients [38] . The difference in our study between 1-year persistence based on 60-and 180-day grace periods indicates that fewer than 7% of patients who were non-adherent for a 60-day grace period resumed therapy during the subsequent 120 days.
A recent systematic review of 19 studies examining the relationship between adherence or persistence to statin therapy and clinical outcomes indicated that high levels of adherence and longer durations of persistence with statins are associated with progressively increasing clinical benefits in primary and secondary prevention populations, including significant reductions in all-cause mortality (OR 0.49-0.66), fatal and nonfatal coronary heart disease events (OR 0.74-0.83), and hospitalizations (OR 0.19-0.70) [15] . A recent comparative cost-effectiveness analysis determined that both reminders/educational materials and pharmacist/nurse management programs were cost-effective interventions to improve adherence with CVD medications associated with incremental cost-effectiveness ratios (ICER) of $4984 and $6358 per quality-adjusted life-year (QALY) gained, respectively [39] . According to a World Health Organization report on medication adherence to long-term therapies, "Increasing the effectiveness of adherence Persistence with statin therapy in Hungary interventions may have a far greater impact on the health of the population than any improvement in specific medical treatments" [40] .
The increased persistence observed in our study when comparing therapy begun in 2008 with that begun in 2007 was not markedly improved, but may signal a trend toward continuing improvement over time.
We found that discontinuation of therapy decreased with increasing age; older patients tended to be more adherent to physicians' instructions. In the sixth month of therapy, there was approximately a 30% difference in median persistence between the youngest and oldest age groups. Although this difference was statistically significant (p < 0.001), the median persistence for all groups was only 1 month. One month was also the median persistence for the total statin group and the groups of users of individual statins (other than rosuvastatin, which had a median persistence of 2 months). Thus, the percent of patients dropping out of therapy early is considerable for all age and therapy groups, regardless of any statin switching or dose changing that may have taken place. The causes of the discontinuation were not studied. On reason might be that the statin induced muscle complaints, the frequency of which in observation studies could be 5-10% [41] . In a prospective cohort study investigating the effect of physical activity and statins conducted on more than 10 000 patients during a 10-year follow-up the mortality risk was si gni ficantly better in people taking statins than in those not taking statins (18.5% vs. 27.7%) (p < 0.0001). In patients who took statins, mortality risk decreased as fitness increased (a similar trend between fitness and mortality was observed in patients without statins) [42] .
Other studies have yielded conflicting results regarding association of persistence with age. Several found, as have we, that persistence improves with increasing patient age (up to a certain 'threshold' in some cases [e.g., 55-64 years of age], beyond which persistence declines) [30, 43, 44] , while others found older age to be a predictor of poor longterm persistence [28, 36] .
The median persistence with combined ezetimibe and statin therapy -whether ezetimibe was added on to a statin or was prescribed as an ezetimibe-statin fixed combination -was 3 months, which was longer than the 1-month persistence with total statin therapy. Greater persistence with combination ezetimibe and statin therapy than with total statin therapy was observed through a full year: 25.5% with ezetimibe add-on therapy and 27.5% with fixed-combination therapy compared to 20.1% at 12 months for total statin persistence.
Based on the Hungarian subsidy system, we were able to consider treatments containing ezetimibe prescribed for patients with CVD as secondary prevention treatments. We could not determine whether statin monotherapy was used for primary or secondary prevention, other than for atorvastatin 80-mg therapy, which, in Hungary, is subsidized only for secondary prevention. Several groups of investigators have reported that patients receiving secondary-prevention therapy were more adherent to their drug regimen than those receiving primary-prevention therapy, possibly due to an increased appreciation of the importance of managing their risk factors) [33, 43, 44] .
Kamal-Bahl et al. studied a US population with private health insurance and found that, using a 180-day grace period, persistence after 1 year was greater for statin users (71.1%) than for ezetimibe users (67%) [27] . These investigators did not specify whether therapy was used for primary or secondary prevention.
There is a limitation of this investigation in that we studied only those prescriptions that were subsidized by the National Health Insurance Fund. Undoubtedly there were patients who were persistent with statin therapy but were unknown to us because they were able to continue taking a drug for longer than the 60-day grace period without applying for a fund subsidy. These patients may have received the drug while in the hospital, been discharged from the hospital with a supply of the drug, used drugs left over from a relative's or friend's supply, or received samples of drugs.
We did not assess proportions of patients making and keeping appointments for follow-up lipid tests and physician visits, factors which can impact adherence to therapy. In a large cohort study, Benner et al. demonstrated that patients who received follow-up physician visits and lipid tests were 45% more likely to be adherent (95% CI 1.34-1.55) to lipidlowering therapy [45] .
In conclusion, we can state that the low rate of persistence with statin therapy that we observed in Hungary is likely associated with occurrence of cardiovascular events or deaths that otherwise might have been prevented by appropriately longterm continuation of statin therapy. These data are consistent with a likely financial drain on national resources used to subsidize suboptimal statin therapy, with insufficient yields of health improvement in the Hungarian population. Persistence with lipidlowering therapy among Hungarian patients needs to be increased. The key to improvement is the patient-physician relation. Every time a patient meets a health care professional the attention for the importance of taking the pills properly has to be drawn up. The possible side effects must be discussed in detail. The patients' motivation could be increased by explaining the role of cholesterol in the prevention of atherosclerosis. Broad professional Zoltan Kiss, Laszlo Nagy, Istvan Reiber, György Paragh, Mark Peter Molnar, György Rokszin, Zsolt Abonyi-Toth, Laszlo Mark cooperative efforts, including those of pharmacists, in order to optimize the beneficial effects of lipid therapies, to improve the patients' persistence, could further reduce cardiovascular morbidity and mortality.
